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Reviewad by: John H.S. Chen, D.V.M. <a/<@¢zV’Ff7CJQ4%V/ ?
Section I, Toxicology Branch II (H7509C) / v
Secondary reviewer: Yiannakis M. Ioannou, Ph.D.}ilﬂ - /?véaﬁ?ﬁ
Section I, Toxicology Branch II (H7509C) L

Review of the Registrant's Response to the Previous Review Comments
Concerning the Rat Teratology Study with Prodiamine (Toxicology Branch
Memorandum of January 12, 1987, Winnie Teeters)

Registrant's Response: "EPA has concluded that a NOEL for developmental
toxicity has not been established based on the incidence of ocular ab-
normalities observed at the lowest dose tested, 100 mg/kg. The Agency's
conclusions were primarily (if not solely) based on historical control
data provided by the testing laboratory. While we believe such data are
useful, it should not preclude statistical or other evidence which does
not support this conclusion.” "The Agency also determined that micro-
phthalmia and/or anophthalmia exceeded overall historical control in-
cidence for these ocular abnormalities, thus demonstrating compound re-
lationship. As with the finding of omphalocele, there was no dose-response
relationship. In this case, however, these observations were noted

at the low and high dose levels, but not the mid-dose. As we previously

.indicated, these malformations are reported to occur in this strain as

congenital anomaly which is inherited as an autosomal racessive trait
(Appendix 2 attached). Furthermore, the incidence of these malformations
occurring spontaneously is quite variable and recent historical control
data clearly show these lesions to be increasing in occurrence (Appendix
1 attached).”

"Finally, malformations reported in this study would readily be
demonstrated in a proper reproductive effects study if conducted at
adequately high levels. The in-life portion of a two-generation re-
production study in rats with prodiamine will be completed shortly.
This study is being conducted at levels up to 2000 ppm prodiamine in
the diet (roughly equivalent to 200 mg/kg). No ocular abnormalities
attributable to prodiamine and no evidence of omphalocele, micro-
phthalmia or anophthalmia have been observed in any of the treatment
or control groups (Appendix 3 attached). This observation further
leads us to believe the abnormalities are random and laboratory and/or
population specific.” "A NOEL for developmental toxicity has been de-
monstrated for this study because (a) No dose-response Eor any reportad
malformations was observed, (b) Microphthalmia and anophthalmia occur
in this strain as congenital anomaly, (c) Recent historical control
data show these malformations are variable and spontaneously increasing
in occurrence and (d) No evidence of these malformations has been
observed in a rat reproduction study conducted at level higher than
presuned effect levels in the teratology study."



Reviewer's Comments: The submitted addendum with the most recent
historical control data for Charles River COBS CD rats (Appendix 1)
and a copy of the manuscript by Kinney et al. concerning ocular
defects in the Charles River CD rats (Appendix 2) provide adequate
information for the spontaneous occurrences of microphthalmia and
amophthalmia in the Charles River COBS CD rats. The incidences

of ocular malformations at the 100 mg/kg level were found within
the range for the historical control data recently submitted. The
Registrant's explanations for the unusual incidences of such ocular
abnormalities found at the 100 mg/kg dose group are considered to
be reasonable. Since these incidences of omphalocele and ocular
malformations cannot be confirmed in a rat reproduction study
(Hungtington Research Center No. VCL 73/871075, February 22, 1988;
Appendix 3 attached) at levels up to 2000 ppm prodiamine in the
diet (equivalent to 100 mg/kg), we agree that the NOEL for develop-
mental toxicity should be 100 mg/kg.

Recommendation: Registrant's response to the deficiencies cited in
the previous Toxicology Branch review of this study is considered

adequate and acceptable. The study is upgraded from Core Minimum
to Core Guideline.

~ Developmental Toxicity NOEL
Developmental Toxicity LEL

100 mg/kg

300 mg/kg (based on
increased incidences
of omphalocele)
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- February 9, 1987
Ms. Mildred Root
Toxicologist
Sandoz Crop Protection Corporation
341 East Ohio Street

Chicago, lllinois 60611-3371

Ref: WIL-15150
WIL~-15153

Dear Ms. Root:

1 have enclosed copies of our most recent historical information for Charles -

River COBS® CD® rats as well as New Zealand White rabbits as you requested. 1

have also enclosed a copy of the-manuseript by Kinney et. al. concerning ocular
defects in the Charles River CD®rat.

I hope this information proves beneficial. - Please contact me if I can be of
additicnal service.

Sincerely,
hsend. S
Mark D. Nemec, B.S.
Senior Toxicologist

MDN/tah

Enclosures

R

WAL RESEARCH LABORATORSES, INC. A Subsidiory of Great Lokes Chernical Corporation, Ashiand, OH 44805-9281 (419)289-8700

-
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TERATOLOCY 26:203-212 (196

Congenital Cystic Microphthalmia and Consequent

Anophthalmia in the Rat:
- Ocular Morphogenesis

A Study in Abnormal -

HANNAH C. KINNEY, CORDON K. KLINTWORTH. JEANNE
LESIEWICE LOWELL A. GOLDSMITH swo BETH WILKENING
Depertmenis of Putheisgy (H.C K, O.KKL Ophthalmelogy 1G.K KL and
Modiciag U.Le, 1A.Go B.WL Dube University Medical " Neorth

Caroking 27210

ABSTRACT - MMnmdo&ukmmnrm(CDmﬁn)mob
Mwmwmwhwﬂmﬂmwmmua» -
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i mummdymfwndwboinbcwunwmdnadn
trait with varizble expressivity. It was characterized by unilateral or bilateralcone -
genital miaopbﬂnhniuwithmnlﬁphnmdﬂdouﬂnnbm&ﬁﬁuimhdiugi_
mmepithdidcys&.op&emnplaia.undmlnmiddalymhw
mm!wndhhmbgkaﬂyhmwbikmmmmotmdfm
m»mmdmmhmmswydmmwmhomo(-
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i x;umxnlymmmwumma

microphthalmia with cysts in the human eye.

The final structure of the normal mammalian
eys is achieved by a preciss sequence of com
plex, ically ined interactions be-
tween different developing oculsr tissues
{Coulombre, ‘64). Becsuse each ocular tissue is
in turn a source and target of influence in nor~
mal morphogenesis, an aberration in onedevel-

oping tissue may significantly siter the matur-

ation of surrounding tissues. Consequently,
the morphological study of an end-stage
human malformation usually reveals multiple
snomalies and prevents identification of the
imary defect end its separation {rom second-

. ary sbnormalities. On the other hand, prenatal

.studies of similar spontaneously occurring

malformations in animals allow the examina-

tion of evolving defects st sequential stages,
which often allows distinction between pri-
mery end secondary abnormalities. This re-
port describes observations on the prenstal

morphogenesis of a congenital, inherited mi-

crophthalmia with an sasocisted cyst in the

Charles Ruver rat that was found by chance

during unrelsted experimenis. it further dis-

0040-3TOSEL/2602 0203803.00 ¢+ 1862 ALAN K. LISS, INC.
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the pathogenesis of similar buman entities, -

:ped!hﬂy.eonguﬁwcyuiceyeblﬂmdmi-
MATERIALS AND METHODS

An sdult rat of the Sprague-Dawley sub-
stesin CD {Chasles River Breeding Laborstoe-
ies. Wilmington, Massachusetts) was dis
covered to have no recognizsble eyes (Fig. 1).
This defect appeared in a litter resulting from
random matings for unrelated experiments
within a limited breeding colony of less than 20
rats. Subsequent breeding experiments were
conducted to investigate a possible genetic
basis for the ocular malformation. The male

itus was back-crossed to his dam and
the offspring of this mating was designated
the F. “inbred” generation with subsequent
generations designated Fy...F, according tothe
standard genetic convention. The inbred popu-
lation was expanded by further back<crossing

st
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and then maintained by intercousin erossings
of effccted animals. Qutbreeding experiments
were conducted in the following manner: af-
fected snimals in the F; and F, “inbred” genera-
tions wers mated with normal rsts (CD strain)
obtained outside the breeding colony and the

mated Lo prod aco the F; “outbred” generation.
The offspring were examined for clinicel evi-

‘nudlacted kb::‘:dpoduw of
pre
° sbhove breedings formed the subjects of the
) napbologie study. Controls were obtained
- MWMMWy
. normal parents of the CD strein. All rets were
fed standard Purina Leboratory Rodent Chow
and water ad Libitum and maintained oa & 12
bour light/12 hour derk cycle. Femals rats de-
termined to be in estrus by observation of cor-
nified ep:::ehd cdb‘iu vaginal Mu:?‘
paired with male rats for timed periodss o
males were then examined every 4 hours for
veginal plugs. Veginal plug formstion occurs
"4-8 hours posteopulsetion and remains stable
. for 8-20 hours. As festilization occurs epproxi-
¥ " mately’26 hours after plug formation, geste
tion {day 1) was assumed to begin 24 hours
after visualizing the vaginal plug {Nicholes,
°42). Pregnant females were killed by ether in-
halation st sequential gestutional periods and
the embryos and fetuses were dissected free of
the uterus. Thess of(spring were fixed in fore

mutant rad witk ae recogrizebls syes end
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offspring of these matings (F, “outbred’) were

dence of an oculardefect st the time of weaning,
Le, 21-25 days after birth. Affected rats had-

ofected rats, such matings produced 95% AJ

Tipa i ey

Lo AN
3t

malin-scetic scid-methy? aloohol (1 part 31 N oA x
formsaldehyde, 1 part glacisl acctic acid, and g doyhid
paﬂomthyl;lcohollforﬂ-’l!hounmm ? I8 Y
processed for microscopic examination. Seriy2 whitd
soctions {8 am thick} of beddeg 5 {Fi e
tissue were steined with hemstoxylin andsat wask
eosin. Eyes were examined mi ically iai5T: P
contsols and mutants at sequential stagyiiy the
from day 10 of gestation until birth (appeox)isi o]
mately day 22). The number of affected gyvetii] fro
studied at dilferent gestational ages wers % of
10—eight; day 12~seven; dsy 13~¢i A .

day 1¢~ten; day 16-six; days 18-19-four; N
dayzz-ooe.Cooud wece examined stk

mﬂmdngcafurdnylzuwfdd ;
q.innnﬂMu&nhmnhoM?r e

eontrole,

The orbits and ocular tissoes of 17 postnatal &4

rats (aged 3 days to 17 months) with 22 eyesk.=%g
thaimis/microph .3
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The mating of affected rats with normal cnes )
from outside the colony resulted in offspring X
with phenotypically normal eyes. Thus, an F ‘
antosomei dominant of inheritancs ¥4 ¢
was exciuded. Males and females from these 3 ?
matings when mated to each other produced =
-10S offspring of which 82 were clinically nor- ¥ '
mal and 23 affected. The defect was both uni- %

oqually affected. By the chi-squere test, the
ratio of unaffected to affscted animals was not
pignificuntly different from the predicted X1
ratio for an sutosomel recessive trait. After
nins and ten generations of inbreeding of af- &,

lateral and bilateral Males snd females wers 34

{n=54) and 100% (n=15) clinically affected

offspring, respectively. These data support the
conclusion that the ocular enomaly is trans-
mitted as & single sutosomal recessive gene.

Histopathologic studies
In the mutants malformations were limited

totheeyamdabnonndmnmnotdem
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8¢ studies
Mations were Limited

wesicle I8 in cloot contact with the sverlying presumplive
lors actederm. Hematonyhs and comm. X 640,

: cvsncmaiomummmcnr . ‘ 205

say 10, In both the nosmal and mutent rat st
dsy 10 of gestation, the oplic vesicles formed
1steral evaginations of the diencephalon. with
which they communicated by opti¢ stalks
{Figs. 2,3). At this time the surface ectoderm

and
form the lens vesicle and optie cup in the con-
trols, and the inferios wall of the optic cup be-
came infolded, formuing the choroidal fissure
through which mesenchyme entered to estab-

eerlying surface ododerm, the pnmuy lens

" fibers had: begun to elongate, and the opts

stalk had lengthened. At this stage of dev.
ment in th» zutant, however, theleng.and.op-
tic vesicle were both smaller than normal, re-
sulting in an overall small eye (Fig. 5); Unlike
the control, the optic vesicls of the mutant wes
_yhvnginatod.mdwhibthcouw

- incompletel
- hyeregumudofnnomal.ﬁmph.mbadd‘ A
fone totwo cells thick) than normal {six to eight

cells thick). Moreover, the inner and outer

by Silver axid Hugi.es (73), were not evident in

the retinal primordium or optic stallc. As in the.
control, blood vegsels were situated at the rim
immmlnmmumww-

was

Fig & lathe control rat st dey 10 of gestation. the optic

Live len desw iv

Fig. 3. Inthomutant rac at day 10 of gestation, the arse
of surface contect betwesn the optic vesicle end

ler dus Lo 8 decrense int the number

of peimitive meurcepithelisl cells. Hemstoxylin and
sosin. X 440,
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CYSTIC MICROFHTHALMIA 16 THE RAT ' o7

tants, mesenchyme surrounded the lens vesi- tended betwoen the lens and optic cup. Deli-
cle except where contact was made with tha op- cate blood vessels surrounded the incomplete
tic vesicle. iy clowed lens. .

Doys 13end 14 In the normal rs st day 13, Day 15-birth. Normally from dsy 15 umtil -

4
¥

i §

KOS

closely spprosched sech other and the eight-to tisted into the various layers of the ssnsory
ten-cell thick sensory retins consistad of undif- reting and the lumen of the opiic stalk progree=
ferentisted neuroblasts (Fig. 6). The checoidal svaymwmmmmay

minsted in & tunica vasculoss that surrounded and isis could be identified and the cornes, lans, -
the lens. By day 14, axons of the retinal gun- eyelids, and oculse muscies ware well formed.

2 Bl days1Sand14in trols and sach ill lacked & chorcidal fiseure,
sk o mutants, the opkic cup was imperfectly hyaloid artery, and optic stalk (iga .10 The
i layers of the optic cup shich had pot spposed

M of U innsr ead enter loyers of K,
A @ of Uw oplic cupis will one cell 4 s
f- 'Y betwern the lovs and optic oup.

3 7bs and sosin. X 320 vk

) - . . *p ! g
“.'.-'—-Q",‘o-’. v 400 o o fe . e "‘é"
=, * 50200 » | L aldd *2 8 s e ¢,
ST LD TR L 2 A e Uk
e Ph e imuw” COias '.‘,n o 2o » - e e d s R
Fig.& 1n somodoy 13 smutants o threo-to faurcelahich  choruidel Gomare rerwaly forme, Heorisonisl section
layer of the eptsc Cup buchios swt wards sl the 5o whers Uw Resustocyln end coma,. X 300
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the inner and outer layers of the optic cup  birth the inner Liyer of the optic cup dillerwe- ’

fissure was closed and the hyaloid srtery tar> day 16 the epithelial layers of the clliary body -

C

glion calls sxtanded into the optic stalk, sod During this pariod of gestation, the mutant. ...

U R
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develop. At days 17-18, .'y- of occasionsl

‘meuroepithelisl cyst (Fig. 10), possibly repre-
senting differentistion of the buciled

epithalium that occasionally sppearsd cilisted
{Fig. 13} 1n such eases fod of differentisted
- pensory retina with bipolse neurons, ganglion

Y-
R A A,
S AR s

Fig. 9. lothe doy 16 mutant, the inmme end cuter laywn
of Lhe aplic cup lerrowt do 80t sppoap ane BRoLher and subse-

the vitreous, ciliary body, iris, and optic aerve
inner - were not found in such eyes. The
- ) fsyer noted st day mm.a;..\&mxmhm -

.

bys

piscUSSION .

cyst sssociated with ¢

goontly lorm the wulls of 6 cynt used by primiti ®
theliurm, Mossnchywe oxtands bt wesn Lhe cyst and lama,
Hesiaontal section, hesnatonyba emd opain. X 363
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sensory reting in the posterior wall of the - the cysts. Despite serial sections of the globa}’

| The congaital microphthalmis found n the -4
- Charles River rat was characterized 8
1 ¥

(1%
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CESTIC MICROPHTHALIMIA 14 THERAT

s . - .
Pig 1i. A corenel mation throrgh thahesd ol s mstant _Flg. 1T Highaw
‘ b weilators] lofisided wrvewt,  shows ja Figwe 31 Koto
st '».'.“.. Hemetosylia snd oveln. X 8.5. Socal difterestistion of the
Kete v right % lens (14, and theabesncs oi the sptic Rerve,
. ond yitresus. Massach ds b
sweloupitbalisl €yst.

ciliary bedy. brie,
the lens snd the

fto rods and conea, genglion cella, sxd
tripolsr noorens. Hemstozylin snd sonln. X 83.° .
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meimdmdmmmznndmudwn
sequential ages demonstrated the initial moe-
pbobgic;bmaﬂtyinlhommuudlylo
of;uuﬁon.wbcauuﬁpo(thcop&vuich
sppessed smaller than normal due to fewee

» bre, '64). In the mutent reported in this paper,

the microphthalmin iy resuits from
the eboormally small sree of contact between
ectoderm.

r mhnsdwdopmn&by
influencing (1) the diflscentistion of lens epl-
thelium into fibers, {2) lens size, shape, and po-
sition, and the direction of lens fiber growth,
and {3} the orientation of the lens to the reting
{Coulombre, ‘64). Sequentisl histologic studies
in the mutant indicate that the cataractous
lens is preceded by aboormsl lens develop-
ment. The primary lens fibers began to degen-
ecets late im gestation and secondery lens
fibers failed to form, perhaps, at least in part,
becauss of the lack of the noryal retinal influ-
ence on the lens. The normal optic cup has the
inherent cspability to inveginate and differ
entiste into neural retina in the absence of
other tissues as demonstrated in organ culture
or ic grafts in the embryo (Coulom-
bee, 64; Manna, '64). The cyst formation in the
mutent resulting from improper invagination
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dthoptkmpbmambnb!ynﬂxunpd-

mary disturbance in the retinal primordiuan. -

The eye of the mutant Charles River rst un-
derscores the influence that the size of the op-
&icvoddohuindeumﬁningtb,ulﬁmﬁu

Hughes, 74; Robb et a1, 78), snd, for theret, 53
- the blood supply of the developing ey {Brow- -
\  msn end Ramsey, 43; Browman; 1) The of T
» - foct of optic vesicle sise on the eventusl oculer - 5 -
: in mice boctogenoue &

the optic vesicle sad the-susface the normal sres of influsnce between
After lens induction the neursl setinal normal--  the ectoderm and optic
y continues to bly ceusing the eventusl small size of both lens

seemn ¢o be important in the Charles River mu-
tants as the degree of nacroais of mesenchymal
cells between the presumptive lens ectodesma
snd optic vesicle did not differ significantly
from the controls. Zonee of cell death, howeves,
were not apprecisted in the retinal primordium
or optic stallk: their absence may reflect further
a primary defect in the genetic control of the
primitive neurcepithelium of the retinal
anlage. formstion of the choroidal
fissure in ths Charles River mutantsis perhaps
in part hindered by this failure of appropriate-
iy timed morphogenetic cell desth.

In studies of inherited microphthalmia in the
albino rat Browman and Ramsey (43) and
Browman {61} observed that growth impair
ment of the eyes coincided with the formstion
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A e
bly reflects & prl-% of the ocular blood supply at sbout day 12 of
1l primordium, Ty ang they sugges! sgenesisof
Rhu\'n:u.fq.;& mmwmydoid)uwrywumﬂbh.tw
size of the opsi)) and incomnlete optic cup and vitre-
the ultimate size' and hencs the subsequent mi-
snimal models of mbwwdwdmiaopbw
ants of eye size.’ of the developing eys from the enastomosing
the size of the op- .= aerwler vescular channels that socircle therim
1008, “43; Konyu. 3 of the optic eup. The i and photo--
petterne of mors = graphs of the sbaormal eyee in the mutant rats
ve, B2 Slver and stodied by Browman and Ramsey (43) snd
« and, for the rat, 4 7 Browmen (61} bess such & striking si i
eye ; A
man, 81} The ofJ-
# eventual oculer ¥ <3
nice homogenous -
khov send Vekh s :
g;v-ﬁpﬁou. [E
9} postulated T
s of the optic exp :-
ith the ectoderm £
3 lens Induction. #- i
feath to the uitt- < dence of differeciisting more slowly than in
1in & stody of s “ the normsl colony.” In the Charies River mu-
nic mice. In thees 3¢ tants, we intecpeet the initial morpbologic eb-
degeneretionend & eoree ality, bowsver, reside in the primary
. transient mesen- & Seuroepitbeliom.of the retinal analge ss fower
in the retinadens . peurcegithelial calls in the optic vesicls tip ep-
don of the optie ~ 5 3 to contact i
postulated that actoderr st day 10 than normsl. It seems
ening between Jo.- Jsoore likely thot the i
volmoc:ﬁu-;s-; mthnccndgy‘nwvgﬁhn‘dmhdwd-
® o - - oproat rather
nlgmbotwuwig;
1e, thereby poesi--) with

#a attempt their pathogencsis
{Fulton et i, 71; Koyansgi, "21; Mann, ST;
Wyse and Hollenberg, “77). In humans, twodis-
tinet types of microphthalmis are i

with cysts, namely microphthalmis with orbit-
sl cysts (Alphen et al, 73; Arstikaitis, 59;
Mann, '57; Meyer et al., "7T; Waring and Roth,
*“18) and congenital cystic eyeball (Dollfus et
ol 68; Helveston et al., 70; Mann, 57; Mor
ton, ‘50). Both of these congenital enomalies
are thought to tegin early in embryogenesis
but st different stages. In microphthalmis
with orbital cysts, the eye, sithough mal-
formed, is invariably present: the anomaly is
believed to result from defective closureof the
choroidal fissurs after invagination of theoptic
vesicle with its cyst walls forming by hernia-
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tion of the retina through the nonclosed clefts
a2 the end of the sixth gestationsal week. This

-concept is based primasily on studies uf animal

mutants rather than on- observe-
tions of end-stage human sffected eyes (Mann,
7). [n congenital cystic sysball, oa the other
hand, the entire eye is replaced by acyst and
this is thought torepresent & sequal ol improp--
end of the fourth gestationsl weslk. Inthe moed. -
bell, the orbit contains & cyst {ined by incoms.
Mﬁﬁwmwu\r
dimentary

. -

op is =. moe-
p@obﬁcddoshmuiwwq-bdl.
Finally the presect study not culy under-
the observation -thst clinical an-

' thalmia but that microphthalmia may precede

enopbthalmis. many sdult utant rats
w»m»wmmm

contained extremely small eyes on microscopie . |

examinstion. The fact that e7es - were not de- -
tected in four of the elderly mutantsdespitoex-
e histologic sectioni

thalmia is scademic and does not necessasily *
nhuug_b_e_; of differept cause o
pathogenesis.
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